This paper analyzes the changes in the total factor productivity index of a Spanish hotel chain in the period from 2007 to 2010 with the purpose of identifying efficiency patterns for the chain in a period of financial crisis. The data envelopment analysis (DEA) Malmquist productivity index was used to estimate productivity change in 38 hotels of the AC chain. Results reveal AC hotels' efficiency trends and, therefore, their competitiveness in the recession period; they also show the changes experienced in these hotels' total productivity and its components: technological and efficiency changes. Positive efficiency changes were due to positive technical efficiency rather than technological efficiency. The recession period certainly influenced the performance of AC Hotels, which focused on organizational changes rather than investing in technology.
INTRODUCTION
The tourism industry is a pillar of the Spanish economy. According to Exceltur (2008) , Spain is the second country in the world in number of international tourists (7 percent of total tourist figures) and holds the same position in tourism revenues.
In the years before the financial crisis, new internal and external factors helped the Spanish tourism sector, particularly receptive tourism, thus producing good overall business results. Promotional efforts made by central, regional, and municipal administrations explain part of this tourism bonanza in terms total arrival figures. On the other hand, the strength of domestic demand (though already showing signs of a slow-down), acute geopolitical instability in Spain's main competitor countries in the "sun and sand" product category, increased European family spending, and a decrease in fuel prices helped to raise the influx of tourists in Spanish resorts.
In the 2007-2010 period, the Spanish tourism situation was a very different one, as it was severely affected by the national and global economic and financial crisis. The period was marked by a decrease in the dynamism of Spain's tourism activity, caused by a plunge in both foreign and domestic demand.
Although 2007 marked the beginning of the crisis, it ended with a positive balance for the sector, as tourism businesses in general showed a moderate demand increase, with a 2.3 percent growth in overnight stays (Instituto Nacional de Estadística, 2007) , which meant a moderate increase in sales and profits.
This improvement in business profitability was due not only to the increase in sales, but also to the implementation of a less aggressive pricing policy to ensure occupancy and, particularly, a progressive improvement in cost management (Exceltur, 2008) .
In the 2008-2009 period, the Spanish tourism sector was affected by the financial crisis much more severely than the Spanish economy as a whole, with a 5.6 percent drop in the tourism GDP. The close of 2009 showed an accumulated two-year decrease in sales and profits in most Spanish tourism businesses (Exceltur, 2009 ). Spanish hotels could not go unharmed through the overall demand fall that affected all of the links in the tourism value chain. In a scenario with little sign of a recovery towards pre-crisis levels of demand, managers at these hotels urgently implemented cost reduction plans and efficiency measures for managing both structural and operational costs.
In 2010, tourism activities overcame what was a complex situation characterized by economic weakness and problems in accessing credit. In aggregate terms, tourism GDP grew moderately by 1 percent, and was accompanied by a moderate growth in sales, while cost reductions achieved by good cost management (Exceltur, 2010) helped guaranteeing revenues. The hotel sub-sector was involved in the resurgence of foreign demand, helping to begin the recovery in overnight stays compared to the previous two years (Instituto Nacional de Estadística, 2009 ).
In the context of tourism activities, the survival of the hotel sub-sector has definitely been characterized by efficient resource management. The sub-sector had to improve its competitiveness by looking to best practices in the industry, which led to superior performance (Cano, Drummond, Miller, & Barclay, 2001 ). Performance assessment is an important way to incorporate competitive marketing strategies, improve service quality, and ensure a better combination of inputs and outputs. Though the efficiency of decision units can be assessed using parametric and/or non-parametric techniques, data envelopment analysis (DEA) is one of the most widely used non-parametric tools to analyze efficiency in the hotel sub-sector (Anderson, Fish, Xia, & Michello, 1999; Barros, 2004; Morey & Dittman, 1995) .
The Spanish hotel sector is comprised mainly of city hotels and resorts (sun and sand) aimed at a wide range of tourist segments.
This study analyses the impact of the crisis period on the efficiency of a particular model of city hotels by determining whether they responded through organizational and/or technological changes in order to improve efficiency levels. The total-factor productivity (TFP) index was used, as well as its decomposition in technical efficiency and technological change. The AC Hotels chain was chosen because it has a strategy that varies with the location of each hotel in the chain, and because of the chain's continuous innovation, renovation, and infrastructure maintenance practices, using its own design team to ensure customers' needs are met. In 2010, AC Hotels formed a joint venture with leading US company Marriott International. Through this joint venture, the AC Hotels by Marriott brand was created to manage the chain. AC Hotels by Marriott is committed to a clear differentiation in its products and services by reinforcing the chain's characteristics, investing in new technologies such communication, management, and direct sales to customers. The inclusion of AC Hotels in Marriot's new distribution channels and marketing tools will help the chain to increase its visibility to international travelers, as well as learn the tastes and preferences of its customers in order to offer them personalized services. This paper is organized as follows: the introduction describes the tourism industry context during the financial recession period, i.e., [2007] [2008] [2009] [2010] . A literature review of the applicability of efficiency analysis in tourism -particularly in the hotel industry -is subsequently presented. Next, the Malmquist productivity index and its decomposition into technological and technical efficiency changes are described. Details on database, as well as the inputs and output chosen in the efficiency analysis, are presented. Then, results obtained from the panel data are discussed, and relevant conclusions are exposed. Finally, the article's limitations are presented and suggestions for future research are made.
The travel agent industry faces a change of paradigm due to the role played by technological development, business competition, concentration, and disintermediation. These emerging trends require identifying the factors that help agents increase their performance through the formulation of adequate strategies, allowing them to compete and survive in a higher competitive market (Barros & Dieke, 2007; Barros & Matias, 2006; Bell & Morey, 1994 González & Martín, 2012; Wöber, 2000) . The applicability of efficiency analysis has been also justified in the restaurant sector due to its inherent competition, which is influenced by variety in location, neighbourhood characteristics, and menus offered. In fact, this analysis seems to be even more important for restaurant chains, where establishments share the same goals through identical menus, operating procedures, design, and technology.
DEA analysis allows identifying the best performing units benchmarked against less efficient ones, therefore providing valuable information to managers so they can allocate available resources properly (Banker & Monrey, 1986; Donthu, Hershberger, & Osmonbekok, 2005; Hruschaka, 1986; Reynolds, 2004; Reynolds & Thompson, 2007) .
Assessing service performance in hotels has become an important issue in the service industry. Hotels frequently face difficulties to counterbalance supply and demand due to their inherent characteristics as inseparability, intangibility, heterogeneity, simultaneity and perishability. This requires making accurate decisions about the maximum amount of inputs to be reduced and the marketing strategies to be implemented in order to attract the maximum number of customers, given the available service capacities. Because both technical and allocation efficiencies provide practitioners with a good knowledge of overall efficiency, they justify the increasing interest in efficiency analysis in the hotel sector. Therefore, most efficiency studies in the hotel sector were conducted in the 2000-2010 period. From 2011 to the present, five studies were reviewed base on which we can assume that applying DEA analysis to the hotel industry will continue to be of interest to researchers.
However, we can see some degree of geographic concentration, particularly in Taiwan's hotel industry (Shang, Wamg, & Hung, 2010; Ting & Huang, 2012; Wang, Hung, & Shang, 2006a , 2006b Wu, Liang, & Song, 2010; Wu et al., 2011) , the USA (Hu & Cai, 2004; Morey & Dittman, 2003; Reynolds, 2004; Wöber & Fesenmaier, 2004; ) and in Portugal (Barros, 2005a (Barros, , 2005b Barros & Mascarenhas, 2005; Barros & Santos, 2006) . Most efficiency studies have focused their analysis on a sample of hotels, taking into account the use of inputs and the generation of specific outputs. In general, the inputs that appear in the literature concern factors such as size, labour, capital, and technology/organizational aspects. With regard to size, the inputs most commonly used are the number of rooms, the size or area used for each hotel service, and assets volume, all of which are used as indicators of capital. As to the labour factor, staffing costs are widely used, comprising the number of employees and other operating costs as an indicator of the necessary expenses involved. The most widely used outputs are total revenue and the revenue generated by each activity or service, such as accommodation, food and beverages, and others (Chiang et al., 2004; Hu & Cai, 2004; Morey & Dittman, 2003; Shang et al., 2010 , Wu et al., 2010 , 2011 . Occupancy or the number of beds sold are also widely used as output (Alonso de Magdaleno et al., 2009; Barros, 2004 Barros, , 2005a Barros, , 2005b Barros & Alves, 2004; Barros & Mascarenhas, 2005; Keh, Chu, & Xu, 2006; Shang et al., 2010; Sigala, 2003; Wu et al., 2010) . Authors such as Sigala (2003) , Fuchs (2004) and Chen (2007) have taken into account outputs such as customer satisfaction indexes and the Yielding Index (Chiang et al., 2004; Fuchs, 2004) .
Although most studies analyze the efficiency of a sample of hotels for a specific year, very few are longitudinal studies.
These studies assess the efficiency of companies over a period of time, as well as any changes in technical and technological efficiency experienced by hotels, using the Malmquist productivity index (Barros, 2005b Barros & Alves, 2004; Hwang & Chang, 2003; Tsaur, 2001) .
METHOD
We used the Malmquist productivity index based on DEA to measure and calculate the efficiency of Spanish hotels during the 2007-2010 period. The DEA model developed by Charnes, Cooper, and Rhodes (1978) , based on Farrell's seminal work (1957) , is a non-parametric methodology that obtains the "best-practice frontier" from multiple inputs and outputs of similar decision-making units (DMUs); it is known in the literature as the CCR model. Banker, Charnes, and Cooper (1984) advanced this CCR approach by assuming variable returns to scale (the BBC model). These two models were later used as basis for subse-quent models, such as the super-efficiency model (Andersen & Petersen, 1993) and non-radial measure models (Ali, Lerme, & Seiford, 1995) . Other DEA developments include Malmquist's total factor productivity (TFP) index, developed by Swedish statistician Malmquist (1953) . The Malmquist index appears to be an ideal efficiency measure when working with panel data, as it is key to consider changes over time in the process of efficiency measurements. The Malmquist productivity index produces an efficiency measure for a particular year in relation to the previous, while allowing the best frontier to shift (usually upwards).
TFP growth measures how much productivity grows or declines over time. The TFP index divides productivity changes in technical efficiency change (EFFch) and technological change (TECHch).
In this study, technical efficiency change refers to growth in a hotel's productivity by using existing technology and economic inputs more efficiently. Technological change refers to growth in total factor productivity (TFP) as a result of improvements in technology and innovations in the hotel's system.
In order to analyze productivity growth, the Malmquist index compares two periods in time. For periods t=1, 2,…, T, the technology set can be expressed by the feasible combinations of inputs and outputs, according to the following expression:
Thus, the Malmquist index based on the output distance function is defined as:
Where x is a vector of inputs; y is a vector of outputs; S t is the technology set; superscript T is the technology reference period (T=t or T=t+1); and 1/θ is the amount by which outputs for year t could have been increased given the inputs used, if technology for year T had been fully utilized. The same decision-making unit for period t+1 (x t+1 , y t+1 ) can be compared with the technology for period t:
The new distance can be 1 if DMU with data for period t+1 is efficient regarding technology at t; otherwise, it will be less than 1. Distance can also have a value greater than 1 if the unit with inputs and outputs at t+1 is not feasible with the technology at t.
Thus, Caves, Christensen, and Diewert (1982) defined the Malmquist index at t as the ratio:
The ratio outside the brackets is the index of change in technical efficiency between year t and t+1 (i.e. the change in the distance between observed production and current maximum feasible production). (Färe et al., 1994) . The third component, TECHch,
shows the (normally upward) shift in the variable returns-to-scale frontier.
Figure 1. Technological change and technical efficiency
Growth in production over time (t to t+1) can be interpreted with regard to technological and technical efficiency changes as shown in Figure 1 (Barros, 2005a) . Best-practices hotels experience technological changes in a period of time as a consequence of investments in innovation. In addition to new technologies, the innovations adopted can be also procedures, techniques and methodologies. Technological advances move efficient production frontiers upwards from F 1 to F 2 . T 1 and T 2 represent maximum production with technology 1 and 2 respectively, given an input X 2 . Technical efficiency corresponds to a better allocation of resources without waste, and, therefore, a consistent movement towards the best-practice frontier for any time. From a dynamic perspective (from year t to t+1), a technical efficiency change reveals a change between two successive technical efficiency frontiers. While positive pure technical efficiency changes are consequences of investments in organizational factors and better hotel management such as improvement in quality and better balance between inputs and outputs, scale efficiency change occurs when a hotel achieves optimal sales, leading to economies of scale (Färe et al., 1994 This ensures that all data for the period were produced with the same criteria and are therefore homogeneous and comparable for all units in the sample. The horizon considered was the broadest allowed by the database, and the latest data for most of the businesses selected are from 2010.
For this study, we chose the AC Hotels chain as it is con- Operating Income is generally considered a concrete measurement showing that an organization has reached its economic goals (Anderson et al., 1999; Hu & Cai, 2004; Yang & Lu, 2006) .
We wrote the DEA module in the Stata software in order to compute the Malmquist productivity index for Spanish AC Hotels (Ji & Lee, 2010; Lee, 2011 
RESULTS AND DISCUSSION
Efficiency measures can be either input-oriented or output-oriented. Generally, choosing an orientation depends on which quantity "By how much can output quantities be proportionally expanded without altering input quantities?"
Because the hospitality industry is characterized by maximizing outputs for a particular quantity of inputs, the present study used the output-based approach. Output-oriented efficiency measurements are suitable if we assume hotels to behave in an oligopolistic way (Barros, 2005a) .
Based on the output-oriented DEA-Malmquist productivity index, Table 2 shows the estimation for the total factor productivity change (TFPch), as well as its components, i.e. Based on Table 2 , and according to Barros (2005a) These hotels not only upgraded their organizational factor to allocate inputs properly in order to obtain maximum outputs, but also showed particular interest in innovation through new investments.
Quadrant 2 includes 19 hotels where technical efficiency improvements occurred in parallel with a decline in technological change (dmu4, dmu5, dmu6, dmu7, dmu8, dmu9, dmu10, dmu11, dmu17, dmu20, dmu21, dmu23, dmu24, dmu26, dmu28, dmu29, dmu30, dmu31 and dmu33). Once the right input-output balance is reached, this study recommends for these hotels to acquire new technologies or introduce new practices in order to add value to their products or services.
Quadrant 3 contains two hotels and is characterized by a declining technical efficiency and improvements in technological change (dmu27). These hotels invested in technology but failed to reach the right input-output balance. They may need to upgrade organizational factors such as marketing strategies, quality improvement, and a better input-output balance.
Finally, Quadrant 4 includes 12 hotels where a declining technical efficiency occurred in combination with a decrease in technological change (dmu1, dmu2, dmu3, dmu15, dmu16, dmu19, dmu22, dmu25, dmu34, dmu35, dmu36 and dmu38). These hotels had the lowest TFP score and are, therefore, the most inefficient in the sample. To improve their productivity they would have to upgrade their organizational factors, thus ensuring the right input-output balance, and invest in new technologies or methods to enhance their organizational skills.
Groups 2 and 4, which are characterized by a decline in technological change, contain the highest number of hotels (31 out of 38), revealing the negative effect of the economic crisis on investments in technology or new methods to upgrade the organizational skills in these hotels. Figure 2 . Quadrants of efficiency for Spanish AC hotels -2007 AC hotels - -2010 , dmu31 and dmu33 dmu2, dmu3, dmu15, dmu16, dmu19, dmu22, dmu25, dmu34, dmu35, dmu36 and dmu38 Technological change
Technical efficiency change
Because different trends can be seen for the [2007] [2008] [2009] [2010] period with regard to how hotels adapted to the crisis, the changes in total productivity (TFP) and in technical and technological efficiency have to be analyzed for the three sub-periods, i.e., 2007-2008, 2008-2009, and 2009-2010 . Table 3 The analysis of productivity changes for these 38 hotels in the 2007-2010 period corroborates the growth trend observed in Table 3 . Results are shown in Table 4 . by Marriot -to manage the former's hotels. As results in Table 3 show, the new brand begins to be typified by a clear commitment to investing in new technologies, particularly regarding communication channels, management, and direct customer sales.
This investment via innovation improves the brand's visibility to international travelers while helping to learn the tastes and preferences of its customers in order to offer personalized services.
CONCLUSIONS
Since 2008, the Spanish tourism sector in general and the hotel sub-sector in particular have been affected by the financial crisis much more severely than the Spanish economy as a whole. To halt the decline in tourism and hotel activities, one of the main problems facing the industry has been the need to improve its international competitiveness.
The DEA Malmquist productivity index is a good performance measurement for studying competitiveness, as it indicates changes in efficiency during a particular period, and shows which part of these changes is due to technical efficiency factors and which to technological efficiency factors. During the studied period, the hotels were able to improve their organizational factors through better resource reallocation, by decreasing their inputs, particularly labour and food and beverages costs. A total 22 hotels out of 38 had a positive technical efficiency change, whereas only four hotels recorded a positive technological change. Only two hotels changed both organizational and technological aspects positively. The recession period certainly affected AC Hotels' performance, which resorted to organizational changes rather than investing in technology. This result for the AC chain corroborates the overall hotel sector performance.
Faced with an accumulated decrease in sales and profits, hotel managers had to implement cost-reduction plans, as well as the organizational changes mentioned above.
Efficiency analysis provides some advantages from a management viewpoint. The Malmquist productivity index allows managers to identify strategically important hotels. These hotels where technical efficiency occurred in parallel with technological efficiency change seem to be the ones with highest capabilities and inherent competence to thrive rather than just survive in a highly competitive environment. Technique also identifies hotels with room for improvement in best practices, either by investment in innovation to reverse technology decline or by finding the right input-output balance (against technical efficiency decline). Efficiency analysis can serve as both guidance and encouragement to hotel managers, prompting them to evaluate their performance while improving decision making towards innovation and organizational factors in order to increase products and service value.
Trends in efficiency growth were also analyzed by sub-peri- The effort made by the AC Hotels chain in 2010 to improve technological efficiency reflects the subsector's need to adapt and innovate, and it certainly has to continue improving not only in terms of organizational factors -through marketing campaigns, better resource allocation, and staff skills upgrading -but also in terms of technological factors -through innovation and investments in new procedures and techniques, which will help them improve results.
LIMITATIONS AND FUTURE RESEARCH
One of the limitations of this paper is the fact that results are value to the study. Because efficiency analysis cannot identify the external or internal variables causing inefficiency, econometric models are also necessary, and will be conducted in the future.
